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ABSTRACT 



A direct conversion receiver has: an I- low-pass filter 9 which 
has cut-off frequency switching device, switches over the 
cut-off frequency in accordance with the transmission rate, 
and eliminates high-frequency components from a modu- 
lated signal mixed with a first local signal; a Q-low-pass 
filter 10 which eliminates high-frequency components from 
a modulated signal mixed with the first local signal phase- 
shifted by 90 degrees; transmission rate detecting device 13 
for detecting transmission rate information from transmis- 
sion data detected by transmission data detecting device 12; 
and I- and Q-low-pass filter cut-off frequency controlling 
device 15 and 16 for generating I- and Q-control signals 
which control the cut-off frequency switching device, from 
the detected transmission rate. The cut-off frequencies of the 
low-pass filters are switched over in accordance with the 
transmission rate of reception. 

10 Claims, 11 Drawing Sheets 
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FIG. 1A 
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FIG. 1B 
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FIG. 2A 
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FIG. 2B 
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FIG. 4 
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FIG. 12 
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DIRECT CONVERSION RECEIVER HAVING other band the first local signal 5 generated by the first local 

FILTER WITH CUT-OFF FREQUENCY oscillator 4 is mixed in the first signal mixer 7 with the 

SWITCHING MEANS modulated signal 3, and then output to the Mow-pass filter 

32. At the same time, the first local signal is rotated in phase 

BACKGROUND OF THE INVENTION 5 by 90 degrees by the 90-degree phase shifter 6, then mixed 

™. . - i * , . . . in the second signal mixer 8 with the modulated signal 3. and 

The invention relates to a receiver which is used in a _ ~" rt . „ ^ 

. ^. . ... then output to the Q-low-pass filter 33. 

mobile communications apparatus such as a personal handy T \ ... , . ^ , ... , . 

. _ . . . M . rr\ . ax^L The I-baseband signal 17 and Q-bascband signal 18 which 

phone, a portable phone* and a pager, to which the direct . . 7* . T . 2* , « . 

conversionsvstem is applied. pas ^"e 0 me I_ afld Q-low-pass filters 32 and 33 

. .. . . . in arc added with each other in the detecting means 11. and 

Recently, radio cornmunicaUon apparatuses such as a ^n me summed ^ te waveform-shaped, detected, and 

personal handy phone, a portable phone, a pager, and a aemodulated to be output as the demodulated signal 19 to 

cordless phone have become widespread. As the modulation mc rcccived ^ detecting means 12. The received data 

system for such radio coinmunications apparatuses, usually, detectin ngm n samples me demodulated signal 19. 

the frequency modulation u the . phase modulation the fre- delccts ^ sent from a t^^^ statioa (not 

quency shift keying, or the like is used. One of known shown) ^ me detected ^ t0 other 

receivers to which such a modulation system is applied is a processing means suc h as a CPU. 

direct conversion r^eiva having a c^ ^ ^ KCCRt id ^ of ^ ^ y ght 

*^ mtegralcd and which is suitable for numatunzanon mobUe co^^cations appax^ises such as a personal 

an Ugn emng. ^ handy phone, a pager, a cordless phone, and a portable 

Such a direct conversion receiver of the prior art is mc demand for a direct conversion receiver which is 

configured as disclosed in. for example, Japanese patent suitablc for integration is growing. On the other hand, with 

publication (Kokai) 4-137927. An example of such a receiv- me expansion of the number of users of mobile communi- 

mg circuit of the prior art is shown in FIG. 12. FIG. 12 is a cations apparatuses, also the communications capacity of the 

block diagram showing the main receiving circuit portion of 25 mo bUe communication is rapidly increased. In order to cope 

a direct conversion receiver of the prior art. with such increases of the demand for mobile communica- 

Hcrcinafter. the configuration of a receiving circuit of a tions apparatuses, it is urgently required to increase the 

direct conversion receiver of the prior art to which the transmission data rate (hereinafter, referred to as **transrais- 

frequency shift keying (abbreviated as "FSK") is applied s ion rate") and narrow the band of the communication 

will be described with reference to FIG. 12. In FIG. 12, 30 frequency. 

reference numeral 1 designates a receiving antenna which ^ t0 me requirement, in a pager, for 

receives a radio signal; 2, a received signal amplifier which example, a system in which a plurality of transmission rates 

amplifies the received signal from the receiving antenna 1 MC variable (the transmission rate can be dynamically 

and outputs a modulated signal 3; 4, a first local oscillator changed among plural defined ones) is specified in the 

which generates a first local signal 5 of a frequency that is 35 advanced radio paging system standard (RCR STD-43). 

approximately equal to the carrier frequency of the received ^ mc casc where a single and fixed transmission rate is 

transmission signal; 6 a 90-degree phase shifter which use4 as in the prior art, there arises no problem even when 

rotates the phase of the first local signal s by 90 degrees; 7, me cut ^ ff frequency of a baseband filter which is used in the 

afirstsi^mixerwfo^ direct conversion receiver of the prior art is fixed 

the first local signal 5; and 8. a second signal mixer which ^ (hereinafter, th term "baseband filter" does not mean a filter 

mixes the modulated signal 3 with the signal mat is obtained of a articular kind or an I-, Q-. high, or low-pass filter, but 

by phase-shifting the first local signal 5 by 90 degrees. is uscd as a geoeral ^ foT mters including those of such 

Furthermore, reference numeral 32 designates an Mow- lands). In other words, for a fixed transmission rate, it is 

pass filter which allows only an I baseband signal (in this possible to use an optimum baseband filter having a cut-off 

example, low-frequency components) that is included in the 45 frequency fixed to a value at which adjacent channel intcr- 

output signal of the first signal mixer 7 and in phase with the ference is small in level and the reception sensitivity is 

received signal, to pass therethrough, thereby outputting an optimum. 

I-baseband signal 17. and in which the ait-off frequency is ^ me casc where such a direct conversion receiver of the 

not varied. The reference numeral 33 designates a Q-low- ^ m is used in a ^era whercin a pmrality of ^ 

pass filter which allows only a Q baseband signal (in this 50 mission rates are variable as specified in the advanced radio 

example, low-frequency components) that is included in the ^ systcm ^dard, however, there arises the following 

output signal of the second signal mixer 8 and phase-shifted problem. When the transmission rate is changed, such a 

by 90 degrees, to pass therethrough, thereby outputting a bascband fitter used in the prior art direct conversion 

Q^aseband signal 18 that is periocular to the ^baseband rcccivcr b deviated from the optimum state, so that adjacent 

signal 17. and in which the cut-off frequency is not varied. 53 channel interference occurs and the reception sensitivity is 

The reference numeral 11 designates detecting means for lowered, 
adding the received I-baseband signal 17 with Q- baseband 

signal 18. and conducting detection to output a demodulated SUMMARY OF THE INVENTION 
signal 19. and 12 designates received data detecting means The invention has been conducted in order to solve the 
for judging the demodulated signal 19 to output the received & problem of the prior art It is an object of the invention to 
data. provide a direct conversion receiver having a baseband filter 
The operation of the receiving circuit of the direct coo- in which, even when the transmission rate of a received 
version receiver of the prior art will be described with signal is changed, a demodulated signal can be obtained at 
reference to the same figure or FIG. IX A radio signal which any transmission rate without impairing the reception sen- 
is received by the receiving antenna 1 is amplified by the 65 sitivity and receiving adjacent channel interference, 
received signal amplifier 2. and then output as the modulated The direct conversion receiver of the invention generates 
signal 3 to the first and second signal mixers 7 and 8. On the a first local signal of a frequency which is approximately 



02/05/2004, EAST Version: 1.4.1 



5,894.499 



3 

equal to a carrier frequency cf a modulated signal, and 
comprises: an I-low-pass filter which receives a signal 
obtained by mixing the first local signal with the modulated 
signal, eliminates high-frequency components, and extracts 
an I-baseband signal; a Q-low-pass filter which receives a 3 
signal obtained by mixing a signal obtained by phase- 
shifting the first local signal by 90 degrees with the modu- 
lated signal, eliminates high-frequency components, and 
extracts a Q-baseband signal; detecting means for process- 
ing the I- and Q-baseband signals, and outputting a demodu- 1( 
lated signal; and received data detecting means for judging 
the demodulated signal, and outputting received data, and 
further comprises: 

transmission rate detecting means for detecting transmis- 
sion rate information from the received data, and outputting i 
a transmission rate signal; I-low-pass filter cut-off frequency 
controlling means for outputting an I-control signal to the 
I-low-pass filter on the basis of the transmission rate signal, 
the I-control signal controlling the cut-off frequency of the 
Mow-pass filter, and Q-low-pass filter cut-off frequency 2 
controlling means for outputting a Q-control signal to the 
Q-low-pass filter on the basis of the transmission rate signal, 
the Q-control signal controlling the cut-off frequency of the 
Q-low-pass filter. The I-low-pass filter comprises cut-off 
frequency switching means for switching over the cut-off 2 
frequency under control of the I-control signal in accordance 
with the transmission rate of a received signal, and elimi- 
nates high-frequency components from an input signal 
obtained as a result of mixing, in accordance with the cut-off 
frequency which is switched over. The Q-low-pass filter j 
comprises cut-off frequency switching means far switching 
over the cut-off frequency under control of the Q-control 
signal in accordance with the transmission rate of the 
received signal, and eliminates high-frequency components 
from an input signal obtained as a result of mixing, in 3 
accordance with the cut-off frequency which is switched 
over. 

According to the invention, it is possible to provide a 
direct conversion receiver in which, at any transmission rate, 
the reception sensitivity is improved or maintained at an 4 
optimum level and a demodulated signal wherein adjacent 
channel interference is eliminated or at the lowest level can 
be obtained. 

According to the invention* the direct conversion receiver 
comprises : a first local oscillator which generates a first local 4 
signal of a frequency which is approximately equal to a 
carrier frequency of a modulated signal; a 90-dcgree phase 
shifter which phase-shifts the first local signal by 90 
degrees; a first signal mixer which mixes the modulated 
signal with the first local signal; a second signal mixer which 5 
mixes the modulated signal with the 90-degree phase-shifted 
signal; a first I-low-pass filter which comprises cut-off 
frequency switching means for switching over and setting a 
cut-off frequency under control of an I-control signal in 
accordance with a transmission rate of a received signal, and 5 
which eliminates high-frequency components from an out- 
put signal of the first signal mixer in accordance with the 
cut-off frequency which is switched over and set, and 
extracts an I-baseband signal; a first Q-low-pass filter which 
comprises cut-off frequency switching means for switching « 
over and setting a cut-off frequency under control of a 
Q-control signal in accordance with the transmission rate of 
the received signal and which eliminates high-frequency 
components from an output signal of the second signal 
mixer in accordance with the cut-off frequency which is < 
switched over and set. and extracts a Q-baseband signal; 
detecting means for processing the I-baseband signal and the 



4 

Q-baseband signal, and outputting a demodulated signal; 
received data detecting means for judging the demodulated 
signal and outputting received data; transmission rate 
detecting means for detecting transmission rate information 
from the received data, and outputting a transmission rate 
signal; I-low-pass filter cut-off frequency controlling means 
for outputting the I-control signal to the first I-low-pass filter 
under control of the transmission rate signal, the I-control 
signal controlling the cut-off frequency of the first I-low- 
pass filter; and Q-low-pass filter cut-off frequency control- 
ling means for outputting the Q-control signal to the first 
Q-low-pass filter under control of the transmission rate 
signal, the Q-control signal controlling the cut-off frequency 
of the first Q-low-pass filter, the cut-off frequencies of the 
first I- and Q-low-pass filters being switched over and set in 
accordance with the transmission rate of the received signal 
The invention attains the effects that, at any transmission 
rate, the reception sensitivity is improved or maintained at 
an optimum level and a demodulated signal wherein adja- 
cent channel interference is eliminated or at a lower level 
can be obtained. 

Further, the direct conversion receiver comprises: an 
I-higb-pass filter which eliminates low-frequency compo- 
nents from the output signal of the first signal mixer in 
accordance with the cut-off frequency which is set. and 
which outputs high-frequency components containing 
desired modulating components to the first I-low-pass filter, 
and a Q-high-pass filter which eliminates low-frequency 
components from the output signal of the second signal 
mixer in accordance with the cut-off frequency which is set. 
and which outputs high-frequency components containing 
desired modulating components to the first Q-low-pass filter. 
The invention attains the effects that, at any transmission 
rate, the reception sensitivity is improved or maintained at 
an optimum level and a demodulated signal wherein adja- 
cent channel interference is eliminated or at the lowest level 
can be obtained. 

Further, the direct conversion receiver comprises; a first 
local oscillator which generates a first local signal of a 
frequency which is approximately equal to a carrier fre- 
quency of a modulated signal; a 90-degree phase shifter 
which phase-shifts the first local signal by 90 degrees; a first 
signal mixer which mixes the modulated signal with the first 
local signal; a second signal mixer which mixes the modu- 
lated signal with the 90-degree phase-shifted signal; an 
I-high-pass filter which comprises cut-off frequency switch- 
ing means for switching over and setting a cut-off frequency 
under control of an I-control signal in accordance with a 
transmission rate of a received signal, and which eliminates 
low-frequency components from an output signal of the first 
signal mixer in accordance with the cut-off frequency which 
is switched and set and outputs high-frequency components 
containing desired modulating components; a second I-low- 
pass filter which eliminates high-frequency components 
from the high-frequency components containing desired 
modulating components and output from the I-high-pass 
filter, in accordance with the cut-off frequency which is set 
and extracts an I-baseband signal; a Q-high-pass filter which 
comprises cut-off frequency switching means for switching 
over and setting a cut-off frequency under control of a 
Q-control signal in accordance with the transmission rate of 
the received signal, and which eliminates low-frequency 
components from an output signal of the second signal 
mixer in accordance with die cut-off frequency which is 
switched and set. and outputs high-frequency components 
containing desired modulating components; a second 
Q-low-pass filter which eliminates high-frequency compo- 
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Dents from the high-frequency components containing sensitivity is improved or maintained at an optimum level 
desired modulating components and output from the Q-high- and a demodulated signal wherein adjacent channel inter- 
pass filter, in accordance with the cut-off frequency which is ference is eliminated or at the lowest level can be obtained, 
set thereby extracting a Q-bascband signal; detecting means Further, the direct conversion receiver of the invention is 
for processing the I-baseband signal and the Q-baseband 5 configured x that, each of the cut-off frequency switching 
signal, and outputting ; ■ i demodulated signal; received data means comprises at least oriccapacitive element, at least one 
detecting means for judging the demodulated signal, and rcsistivc ^ ffl least 0Qe switdj and me ^ 
outputting received data; transmission rate detecting means controlled by the I- or Q-control signal to switch over and 
for detecting transmission rate information from the a capacitance of the capacitive dement or a resis- 
received data, and outputting a transmission rate signal; 10 u^cc of the resistive element thereby switching over the 
I-high-pass filter cut-off frequency controlling means for ^LoB frequency of the low- or high-pass filter. The inven- 
outputting the I-control signal to the I-high-pass filter under ti 00 atuins m a $imple configuration the effects that, at any 
control of the transmission rate signal, the I-control signal transmission rate, the reception sensitivity is improved or 
controlling the cut-off frequency of the I-high-pass filter, maintained at an optimum level and a demodulated signal 
and Q-high-pass filter cut-off frequency controlling means 15 wherein adjacent channel interference is eliminated or at the 
for outputting the Q-control signal to the Q-high-pass filter i owest tevel be obtained. 

under control of the tiansmissten rate signal the Qhcontroi ^ ^ conversion receiver of the invention is config- 

«^al controlling me cut-off frequency ^e Q-h^-pass med M maU each of me ^ fr mc * $ 

filter, the cut-off frequencies of the I- and Q-high-pass filters ^ a , least 0M ^p^? at ^ MC 

bemg switched and set in accordance with fte transmission M resistive elemenU flnd a le ^ ac ^ Md ^ ^ fa 

rate of the received signal. The jnveation attains the effe«s controUed ^ me „, Q ^, ntro , signal to over 

that, at any transmission rate. Ae recepbon s«sU»viry is chan , ^tonce of the capacitive element and a rcsis- 

miproved or n^nUued at an optimum level and ademodu- ^ of me resistiye e^,^^ over me 

lated s.gnal wherein adjacent channel interference is elimi- cut<fi b of ^ low . or mtc[ . fh c mvcD . 

natcd or at the lowest level can be obtained. ->< t . n „- „ . o . M - 7^ A „ . ^ , + 

25 Uon attains in a simple configuration the effects that, at any 
Further, the direct conversion receiver is configured so transmission rate, the reception sensitivity is further 
that, the second Mow-pass filter comprises cutoff frequency improved or maintained at an optimum level and a demodu- 
switching means for switching over and setting the cut-off Mcd whcrein adjacent channel interference is elimi- 
, frequency under control of an I-control signal in accordance nated or at the lowest level can be obtained 
with the transmission rate of the received signal, eliminates 30 

high-frequency components from the high-frequency com- BRIEF DESCRIPTION OF THE DRAWINGS 

ponents containing the desired modulating components and FIGS. 1A and IB are block diagrams showing the main 

output from the I-high-pass filter in accordance with the receiving circuit portion of a direct conversion receiver of a 

cut-off frequency which is switched over and set. and first embodiment of the invention; 

extracts the I-basebandsignal, and the second Q-low-pass 35 FIGS. 2A and 2B are Week diagrams showing the main 

filter comprises cut-off frequency switching means for receiving circuit portion of a direct conversion receiver of a 

switching over and setting the cut-off frequency under second embodiment of the invention; 

control of a Q-control signal in accordance with the trans- FIG. 3 is a block diagram showing in detail detecting 

mission rate of the received signal, eliminates high- mcans shown m pjrjs x ^ 2; 

frequency co^nentsfro^ 40 nG> 4 is a ^gram showing the beginning portion of a 

containing ; th e desired inodulating components and output ^^00^ according to a protocol whichis used for 
from the Q-high-pass filter in accordance with the cut-off iflforming of mc ^s^p ^ Xo te transmitted in the 
frequency which ^switched over and set and extracts the ^ aDd teeand embodiments shown in FIGS. 1 and 2; 
Q-baseband signal TTk .invention attains fhc effects that, at nG 5 is a ^ lowing m le of a 

anytransir^ssionrate me 45 iow mtcr compr S cut-off frfquencT^tching 

or maintained at an optimum level and a demodulated signal mca £ which is use 7 m embodiment; 
wherein adjacent channel interference is eliminated or at the n ~ , . . "T cmuummou, 
lowest level can be obtained. FIG. 6 is a circuit diagram showing another example of 

Further, the direct conversion receiver of the invention is *LTwM^ ^Z^^^^Z^ 
configured so that, the detecting means comprises: a second 50 m ^ ^ 15 UScd "J* ^ "*odIinciil; 
local oscillator which generates a second local signal which . Ha 7 " a 01101,11 an c °f a 

is lower in frequency than the first local signal; a second low -P* ss comprising cut-off frequency switching 
9<kiegree phase shifter which phase-shifts the second local mcaas wluch 15 uscd m ^ onbodiment; 
signal by 90 degrees; a third signal mixer which mixes the nG * 8 ls a CiraJlt diagram showing another example of 
I-baseband signal with the signal which is obtained by 55 thc ^-P^ 5 mter comprising cut-off frequency switching 
phase-shifting the second local signal by 90 degrees; a mcans whicn is uscd ^ ^ second embodiment; 
fourth signal mixer which mixes the Q-baseband signal with 9 is a graph showing an example of a spectrum of a 

the second local signal; a signal adder which adds output si 8 nal wrucn is input to a baseband filter at a transmission 
signals of the third and fourth signal mixers with each other; rate of binary FSK 1.600 bps; 

a waveform shaping filter which comprises a high-pass filter 60 HG. 10 is a graph showing an example of a spectrum of 
and a low-pass filter, and which limits a passband. and & signal which is input to a baseband filter at a transmission 
extracts only the desired modulating components from an rale °f binary FSK 3.200 bps; 

output signal of the signal adder; and a frequency detector FIG. 11 is a graph showing an example of a spectrum of 
which detects a frequency of an output signal of the wave- a signal which is input to a baseband filter at a transmission 
form shaping filter, converts the frequency into a voltage 65 rate of quaternary FSK 6.400 bps; and 
value, and outputs the demodulated signal. The invention FIG. 12 is a block diagram showing the main receiving 
attains the effects that at any transmission rate, the reception circuit portion of a direct conversion receiver of the prior art 
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DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

Hereinafter, embodiments of the invention will be 
described in detail with reference to FIGS. 1A to 11. FIGS. 
1A and IB are block diagrams showing the main receiving 
circuit portion of a direct conversion receiver of a first 
embodiment of the invention. FIGS. 2A and 2B are block 
diagrams showing the main receiving circuit portion of a 
direct conversion receiver of a second embodiment of the 
invention, FIG. 3 is a block diagram showing in detail 
detecting means shown in FIGS. LA. IB. 2A and 2B. and 
FIG. 4 is a diagram showing the beginning portion of a 
transmission frame according to a protocol which is used for 
informing of the transmission rate to be transmitted in the 
first and second embodiments shown in FIGS. 1A, IB. 2 A 
and 2B. 

FIG. 5 is a circuit diagram showing an example of a 
low-pass filter comprising cut-off frequency switching 
means (or a cut-off frequency control input) which is used in 
the first embodiment shown in FIGS. 1A and IB. FIG. € is 
a circuit diagram showing another example of the low-pass 
filter comprising cut-off frequency switching means (or the 
apparatus cut-off frequency control input) which is used in 
the first embodiment shown in FIGS. 1A and IB, FIG. 7 is 
a circuit diagram showing an example of a low-pass filter 
comprising cut-off frequency switching means (or a cut-off 
frequency control input) which is used in the second 
embodiment shown in FIGS. 2A and 2B. and FIG. 8 is a 
circuit diagram showing another example of the low-pass 
filter comprising cut-off frequency switching means (or the 
apparatus cut-off frequency control input) which is used in 
the second embodiment shown in FIGS. 2A and 2B. 

FIG. 9 is a graph showing an example of a spectrum of a 
signal which is input to a baseband filter at a transmission 
rate of binary FSK 1.600 bps, FIG. 10 is a graph showing an 
example of a spectrum of a signal which is input to a 
baseband filter at a transmission rate of binary FSK 3,200 
bps, and FIG. 11 is a graph showing an example of a 
spectrum of a signal which is input to a baseband filter at a 
transmission rate of quaternary FSK 6.400 bps. 

First, the configuration of the direct conversion receiver 
of the first embodiment will be described with reference to 
FIG. 1A. In FIG. 1A, reference numeral 1 designates a 
receiving antenna which receives a radio signal; 2, a 
received signal amplifier which amplifies the received signal 
from the receiving antenna 1 and outputs a modulated signal 
3; 4, designates a first Local oscillator which generates a first 
local signal 5 of a frequency that is approximately equal to 
the carrier frequency of the received transmission signal; 6, 
designates a 90-degree phase shifter which shifts the phase 
of the first local signal 5 by 90 degrees; 7, a first signal mixer 
which mixes the modulated signal 3 with the first local 
signal 5; and 8. a second signal mixer which mixes the 
modulated signal 3 with the signal that is obtained by 
phase-shifting the first local signal 5 by 90 degrees. 

Furthermore. 9 designates a first Mow-pass filter which 
comprises cut-off frequency switching means, switches over 
and changes the cut-off frequency under control of an 
I-control signal output from I-low-pass filter cut-off fre- 
quency controlling means 15. and extracts only desired 
modulated components that are optimum for the transmis- 
sion rate of reception, from an output signal (in phase with 
the received signal) of the first signal mixer 7. Le.. in the first 
embodiment, low-frequency components containing the 
baseband signal, thereby outputting an I-baseband signal 17. 
The reference numeral 16 designates a first Q- low-pass filter 
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which comprises cut-off frequency switching means, 
switches over and changes the cut-off frequency under 
control of a Q-control signal output from Q-low-pass filter 
cut-off frequency controlling means 16. and extracts only 

5 desired modulated components that are optimum fox the 
transmission rate received from an output signal (shifted in 
phase from the received signal by 90 degrees) of the second 
signal mixer 8, i.e., in the first embodiment, low-frequency 
components containing the baseband signal thereby output- 

JQ ting a Q- baseband signal 18 which is perpendicular to the 
I-baseband signal 17. 

The reference numeral 11 designates detecting means for 
adding the I-baseband signal 17 supplied from the first 
I-low-pass filter 9 with the Q-baseband signal 18 supplied 

l5 from the first Q-low-pass filter 10. conducting detection, and 
outputting a demodulated signal 19; 12 designates received 
data detecting means forjudging the demodulated signal 19, 
and outputting received data; 13 designates transmission rate 
detecting means for reading the received data output from 

20 the received data detecting means 12. recognizing the trans- 
mission rate of received data, from transmission rate infor- 
mation included in the received data, and outputting a 
transmission rate signal 14 indicative of the transmission 
rate; 15 designates I-low-pass filter cut-off frequency con- 

^ trolling means for outputting the I-control signal which 
controls the cut-off frequency of the first I-low-pass filter 9. 
under control of the transmission rate signal 14; and 16 
designates Q-low-pass filler cut-off frequency controlling 
means for outputting the Q-control signal which controls the 

3Q cut-off frequency of the first Q-low-pass filter If. under 
control of the transmission rate signal 14. 

Next, the operation of the direct conversion receiver of the 
first embodiment will be described with reference to the 
same figure or FIG. 1A. A radio signal which is received by 

35 the receiving antenna 1 is amplified by the received signal 
amplifier 2. and then output as the modulated signal 3 to the 
first and second signal mixers 7 and 8. On the other hand, the 
first local signal 5 generated by the first local oscillator 4 is 
mixed in the first signal mixer 7 with the modulated signal 

40 3. and then output to the first Mow-pass filter 9. At the same 
time, the first local signal is shifted in phase by 90 degrees 
by the 90-degree phase shifter 6, then mixed in the second 
signal mixer 8 with the modulated signal 3, and then output 
to the first Q-low-pass filter 10. 

45 The first I-low-pass filter 9 switches over and changes the 
cut-off frequency under control of the I-control signal output 
from the I-low-pass filter cut-off frequency controlling 
means 15, and eliminates high-frequency components from 
the output signal of the first signal mixer 7 so as to extract 

50 only desired modulated components which are optimum for 
the transmission rate of reception, i.e., low-frequency com- 
ponents containing the baseband signal, thereby outputting 
the I-baseband signal 17 which is in a low-frequency band. 
The first Q-low-pass filter 10 switches over and changes the 

55 cut-off frequency under control of the Q-control signal 
output from the Q-low-pass filter cut-off frequency control- 
ling means 16. and eliminates high-frequency components 
from the output signal (shifted in phase from the received 
signal by 90 degrees) of the second signal mixer 8 so as to 

60 extract only desired modulated components which are opti- 
mum for the transmission rate of reception, i.e.. low- 
frequency components containing the baseband signal, 
thereby outputting the Q-basebaod signal 18 which is per- 
pendicular to the I-baseband signal 17 and in a low- 

6s frequency band. 

The I- and Q-baseband signals 17 and 18 which are 
respectively extracted as a result of passing through the first 
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I- and Q-low-pass filters 9 and 10 are subjected to the mixing 
process in the detecting means 11 in the following manner. 
The I-baseband signal 17 is mixed with a second local signal 
21 (described later) which is shifted in phase by 90 degrees. 
The Q-baseband signal 18 is mixed with the second local 
signal 21. The two mixed signals are added with each other, 
detected, and then output as the demodulated signal 19 to the 
received data detecting means 12. The received data detect- 
ing means 12 reproduces the transmission clock signal, 
samples and waveform-shapes the demodulated signal 19 on 
the basis of the reproduced transmission clock: signal, and 
judges the signal as data sent from a transmission station 
(not shown). The data are output as received data to other 
processing means such as a CPU, and also to the transmis- 
sion rate detecting means 13. 

The transmission rate detecting means 13 knows the 
transmission rate of the received data which are succeed- 
ingly received, from transmission rate information 
(described later) included in the received data received from 
the received data detecting means 12, and outputs the 
transmission rate signal 14 indicative of the transmission 
rate. The I-low-pass filter cut-off frequency controlling 
means 15 receives the transmission rate signal 14. outputs 
the I-control signal to the first I-low-pass filter 9 under 
control of the signal, and switches over and changes the 
cut-off frequency of the first Mow-pass filter 9 to the 
frequency which is optimum for the transmission rate of the 
received transmission signal. Similarly* the Q-low-pass filter 
cut-off frequency controlling means 16 receives the trans- 
mission rate signal 14. outputs the Q-control signal to the 
first Q-low-pass filter 10 under control of the signal, and 
switches over and changes the cut-off frequency of the first 
Q-low-pass filter 10 to the frequency which is optimum for 
the transmission rate of the received signal. 

Hereinafter, the detecting means 11 shown in FIGS. 1 and 

2 will be described in detail with reference to FIG. 3. FIG. 

3 is a diagram showing an example of the circuit configu- 
ration of the detecting means 11 which detects and demodu- 
lates a received FSK (frequency shift keying) signal In FIG. 
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mixes the second local signal 21 from the second local 
oscillator 26 with the Q-baseband signal 18 and outputs the 
mixed signal, and the third signal mixer 23 mixes the signal 
which is obtained by phase-shifting the second local signal 
21 by 90 degrees with the I-baseband signal 17 and outputs 
the mixed signal. The output signals of the third and fourth 
signal mixers 23 and 24 are added with each other in the 
signal adder 25. From the output of the signal adder 25. an 
FSK signal can be obtained which has the center frequency 
equal to the frequency of the second local signal 21 and the 
same frequency shift as that of the transmitted signal. 

The waveform shaping filter 26 performs the waveform 
shaping operation in the following manner. The output 
signal of the signal adder 25 is filtered, and only the 
frequency band containing the modulated signal which is 
centered at the frequency of the second local signal 21 is 
extracted and output The frequency components (high- and 
low-frequency components) other than the band are elimi- 
nated. The frequency detector 27 receives the FSK signal 
consisting of only the frequency band containing the modu- 
20 lated signal from the waveform shaping filter 26. and 
performs the frequency detection, with the result that the 
detector can obtain the demodulated signal 19. 

Next, transmission rate information which is included in 
the received data and which can be read from the received 
data by the transmission rate detecting means 13 will be 
described with reference to FIG. 4. FIG. 4 is a diagram 
showing the configuration of the beginning portion of a 
transmission frame according to a protocol which is used for 
informing of the transmission rate to be transmitted and 
specified in the advanced radio paging system standard 
(RCR STD-43). 

In FIG. 4. reference numeral 37 designates a first syn- 
chronizing part containing information of the transmission 
rate which is used in a succeeding transmission frame; 38. 
frame information; and 39. a second synchronizing part 
containing usual synchronizing information. In the trans- 
mission protocol, me first synchronizing part 37 and the 
frame information 38 are always transmitted at a fixed 
transmission rate. The first synchronizing part 37 contains 
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3, reference numeral 20 designates a second local oscillator 40 transmission rate information of transmission information 



which generates the second local signal 21 of a frequency 
(for example, 19.2 kHz) which is lower than that of the first 
local signal 5. Reference numeral 22 designates a second 
90-degree phase shifter which shifts the phase of the second 
local signal 21 generated from the second local oscillator 20 
by 90 degrees, and reference numeral 23 designates a third 
signal mixer which mixes the second local signal that is 
shifted in phase by 90 degrees with the I-baseband signal 17. 

Furthermore, reference numeral 24 designates a fourth 
signal mixer which mixes the second local signal 21 with the 
Q-baseband signal 18. and 25 designates a signal adder 
which adds with each other the signals obtained as a result 
of the mixing operations in the third and fourth signal mixers 
23 and 24. The reference numeral 26 is a waveform shaping 
filter which comprises a high-pass filter and a low-pass filter, 
and which limits the passband of the output signal of the 
signal adder 25, thereby extracting only the desired modu- 
lating components (for example, the baseband signal band) 
from the output signal of the signal adder 25. The reference 
numeral 27 designates a frequency detector which detects 
the frequency of the output signal of the waveform shaping 
filter 26, converts the frequency into a voltage value, and 
outputs the demodulated signal 19. 

Next, the operation of the detecting means shown in FIG. 
3 will be described with reference to the same figure or FIG. 
3. As described above, the I- and Q-baseband signals 17 and 
18 are perpendicular to each other, the fourth signal mixer 24 
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which is to be transmitted in the second synchronizing part 
39 and the following parts. As described above, the trans- 
mission rate detecting means 13 knows the transmission rate 
information, and switches over the passband of the baseband 
filter (as described above, the term indicates all kinds of low- 
and high-pass filters which extract a baseband signal), so 
that transmission information of the second synchronizing 
part 39 and the following parts is obtained through the 
passband which is optimum for the transmission rate. 

Next, an example of a low-pass filter comprising cut-off 
frequency switching means (or a cut-off frequency control 
input) which can switch over the cut-off frequency, such as 
the first I- and Q-low-pass filters 9 and 10 in the first 
embodiment shown in FIG. 1A will be described with 
reference to FIGS. 1A. 5. and 6. FIG. 5 shows a first example 
of a low-pass filter in which the cut-off frequency is 
switched over by changing the capacitance of a capacitive 
element constituting the first I- or Q-low-pass filter 9 or 10. 
and FIG. 6 shows a second example of a low-pass filter in 
which the cut-off frequency is switched over by changing the 
resistance of a resistive element constituting the filter 9 or 
10. The structures of the low-pass filters shown in FIGS. 5 
and 6 are known as structures of a passive low-pass filter. 
Hereinafter. I- and Q-low-pass filters are generally called 
also passive low-pass filters. 

In FIG. 5, 40 designates a resistive element which is 
connected in series to the low-pass filter circuit. 41 desig- 
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nates a capacitlve element which is connected in parallel to the low-pass filter circuit with respect to the ground and 

the low-pass filter circuit with respect to the ground and which constitutes a bypass of the low-pass filter, 50 desig- 

which constitutes a bypass of the low-pass filter. 44 desig- nates a resistive element which is connected in series to a 

nates a capacitive element which is connected in series to a switch 51 and connected together with the switch 51 in 

switch 45 and connected together with the switch 45 in 5 parallel to the resistive element 46, and 51 designates the 

parallel to the capacitive element 41 with respect to the switch which is connected in series to the resistive element 

ground, and 45 designates the switch which is connected in 50 and turned ON/OFF under control of. for example, the I- 

series to me capacitive element 44 and turned ON/OFF or Q-control signal supplied from the I- or Q-low-pass filter 

under control of. for example, the I- or Q-control signal cut-off frequency controlling means 15 or 16. The resistive 

supplied from the I- or Q-low-pass filter cut-off frequency 10 element 50 and the switch 51 constitute the cut-off frequency 

controlling means 15 or 16. The capacitive element 44 and switching means. 

the switch 45 constitute the cut-off frequency switching Specifically, one terminal of the resistive element 46 

means. serves as an input terminal 48 of the passive low-pass filter. 

Specifically, one terminal of the resistive element 40 and connected to one terminal of the resistive element 50. 

serves as an input terminal 42 of the passive low-pass filter. 15 The other terminal is connected to the one terminal of the 

and the other terminal is connected to the one terminal of the capacitive element 47 and that of the switch 51 and serves 

capacitive element 41 and that of the switch 45 and serves also as an output terminal 49 of the passive low-pass filter, 

also as an output terminal 43 of the passive low-pass filter. The other terminal of the capacitive element 47 is grounded. 

The other terminal of the capacitive element 41 is grounded. and that of the switch 51 is connected to the other terminal 

and that of the switch 45 is connected to one terminal of the 20 of the resistive element 50. The switch 51 and the resistive 

capacitive element 44. The other tcrrninal of the capacitive element 50 which are connected in series with each other are 

element 44 is grounded. connected in parallel with the resistive element 46. 

Referring again to FIG. 5. the operation of the thus Referring again to FIG. 6, the operation of the thus 

configured passive low-pass filter will be described. First, configured passive low-pass filter will be described. First, 

the low-region (low-frequency) components of the FSK 25 the low-region (low-frequency) components of the FSK 

signal supplied to the input terminal 42 of the passive signal supplied to the input terminal 48 of the passive 

low-pass filter passes through the resistive element 40, and low-pass filter passes through the resistive element 46, and 

the high-region (high-frequency) components arc led to the the high-region (high-frequency) components are led to the 

ground through the capacitive element 41. As a result, only ground through the capacitive element 47. As a result, only 

the low-region (low-frequency) components containing the 30 the low-region (low-frequency) components containing the 

desired frequency band of the FSK signal are output as, for desired frequency band of the FSK signal are output as, for 

example, the I- or Q-baseband signal 17 or 18 (see FIG. 1A) example, the I- or Q-baseband signal 17 or 18 (see FIG. 1A) 

from the output terminal 43 of the passive low-pass filter. from the output terminal 49 of the passive low-pass filter. 

In the example of the embodiment the switch 45 receives 35 In the example of the ernfxKliment the switch 51 receives 

the I- or Q-control signal supplied from the 1- or Q-low-pass the I- or Q-control signal supplied from the I- or Q-low-pass 

filter cut-off frequency controlling means 15 or 16 (see FIG. filter cut-off frequency controlling means 15 or 16 (sec FIG. 

1A), and is turned ON or OFF in accordance with the I- or 1A), and is turned ON or OFF in accordance with the I- or 

Q-control signal. When the switch 45 is turned ON, for Q-controi signal. When the switch 51 is turned ON, for 

example, the capacitive element 44 is connected in parallel ^ example, the resistive element 50 is connected in parallel 

with the capacitive element 41 and between the output with the resistive element 46 and between the input and 

terminal 43 of the passive low-pass filter and the ground, so output terminals 48 and 49 of the passive low-pass filter, so 

that the synthesized capacitance of the bypass of the low- that the synthesized resistance of the low-pass filter is 

pass filter is increased, thereby lowering the cut-off fre- reduced, thereby lowering the cut-off frequency of the 

quency of the low-pass filter. By contrast when the switch 4J low-pass filler. By contrast, when the switch 51 is turned 

45 is turned OFF. the capacitive element 44 is disconnected. OFF, the resistive element 50 is disconnected, and the 

and the synthesized capacitance of the bypass of the low- synthesized resistance of the low-pass filter is increased, 

pass filter is reduced, thereby raising the cut-off frequency of thereby raising the cut-off frequency of the low-pass filter. In 

the low-pass filter. In this way. the cut-off frequency of the this way. the cut-off frequency of the passive low-pass filter 

passive low-pass filter is switched over by changing the ^ is switched oyer by changing the synthesized resistance of 

synthesized capacitance of the bypass of the low-pass filter. the low-pass filter. 

When the capacitance of the capacitive element 44 is When the resistance of the resistive element 50 is arbi- 

arbitrarily determined, therefore, the cut-off frequency trarily determined, therefore, the cut-off frequency which is 

which is to be switched over can be set to a desired value. to be switched over can be set to a desired value. Any kind 

Any kind of switch such as a transistor or a diode can be 55 of switch such as a transistor or a diode can be used as the 

used as the switch 45 in the embodiment as far as it can be switch 51 in the embodiment as far as it can be used in an 

used in an IC circuit IC circuit 

Next the second example of the low-pass filter in which Next referring to FIGS. 9 and 10, the manner of 

the cut-off frequency is switched over by changing the waveform-shaping the FSK signal supplied to the I- or 

resistance of a resistive element constituting the first I- or 60 Q-low-pass filter by switching over the cut-off frequency of 

Q-low-pass filter 9 or 10 will be described with reference to the I- or Q-low-pass filter in the above-described embodi- 

HG. 6. In the same manner as described above, I- and ment will be described taking the case of the advanced radio 

Q-low-pass filters are generally called also passive low-pass paging system standard (RCR STD-43) as an example, 

filters. FIGS. 9 and It show an example of a frequency spectrum 

In FIG. 6. 46 designates a resistive element which is 65 of the signal supplied to the first I- and Q-low-pass filters 9 

connected in series to the low-pass filter circuit 47 desig- and 10 in the case where the transmission data sent from the 
nates a capacitive element which is connected in parallel to transmission station in accordance with the advanced radio 
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paging system standard (RCR STD-43) are configured by a rate detecting means for reading the transmission data output 
binary FSK signal of a frequency shift of 4.8 kHz in the form from the transmission data detecting means 12. recognizing 

of a pseudo signal of IS steps. FIG. 9 shows the case of a the transmission rate of transmission data to be received, 

transmission rate of binary FSK 1.600 bps. and FIG. 1 A the from transmission rate information included in the transmis- 

case of a transmission rate of binary FSK 3200 bps. s sion data- and outputting a transmission rate signal 14 

As seen from the comparison between FIGS. 9 and 10. in kdicative of the transmission rate; 28 designates Hugh-pass 

the case of the same frequency shift, the signal frequency ^ controlling means for outputting an 

band of the main lobe (/signal of a frequen^band which \^?T "fl? c ? ntroh *? °?? S ^quency of an 

is demodulated and extract as transmission data) of the 2SlT.!S?5;52L?SS? ? ¥T*?°% T 

input signal containing the baseband signal for the I- and w agnal 14; O^-Pass fUtcr cut-off fre- 

Q-low-£ss niters 9 and 10 is usudytfdcr as the trans- ^ C °^ 8 T$ I"™*"** T" 

mission^ is higher. For example/the signal frequency ^t^^J^fJ^? ° f f mta 

band of the main lobe of the baseband signal in thecase of "l™^ cmttoi " * e tans,nlMwn ra, « 14 

FIG. 10 where the transmission rate is binary FSK 3200 bps Furthermore. 30 designates an I-high-pass filter which 

istwotimesthatinthecaserfFIG.9wheremetransrnission »* compns" cut-off frequency switching means, switches over 

rate is binary FSK 1.600 bps. and dlan 8 es ^ att -° S frequency under control of the 

r , . _ _ _ I-control signal output from the I-high-pass filter cut-off 

If. even when the transimssion rate is changed, the cut-off ^ comrolling means 28. andextracTs only desired 

frequency of the low-pass filter is fixed or unchanged as in ^JL^,,.' , ° . . r i 

. . ST l. • *u j . L . , TL demodulated components that are optimum for the trans- 

theraof Iheircrt mission rate of from aQ ^ ^ (k ^ 

input signal is cutaway as the transmission rate of ftc 20 with ftc rccdvcd si ^j) mc tot ^ ^ l 7 , £ in 

signal becomes higher ^with me result that the mc scoond em b<>oW, high-frequencV components con- 

IXS^T ^tf y Prf0n,1Cd B f f^™*' taming the baseband signal. iVe referencTnumeral 31 

S ^TTh ?£ C toS ™*™ ^ mcS ^S 113 * 5 * Q-high-pasI filter which comprises cutoff 

^•^^J»««^ M °?"^"«^ „ frequency switching means, switches overlnd changes the 

tothein^Iobcsujn^^ » M t l n6cr contfoJ of ^ q^o^^ 

the reception sensitmty. F^crmore, an influence ofao> outout from mc Q _ high . pass ^ cu t-off fr^uency conirol- 
cent c^nnel interference becomes larger, with the result that ^ ^ » ^txtiacts only desired modulated com- 

it is impossible to perform the optimum reception. ponents that axe optimum for the transmission rate of 

In the embodiment, when the transmission rate is M reception, from an output signal (shifted in phase from the 
changed, therefore, the cut-off frequencies of the I- and received signal by 90 degrees) of the second signal mixer 8, 

Q-low-pass filters 9 and 10 are switched over and changed i.e., in the second embodiment high-frcquency components 

in accordance with the transmission rate as shown in FIGS. containing the baseband signal. 

9 and 10. so that, at any transmission rate, only the main lobe The reference numeral 32 designates the second I-low- 
signal of the input signal is allowed to pass through the filter 35 pa SS filter which receives the high-frequency components 
so as to be extracted. Consequently, it is possible to obtain containing the desired modulated components (baseband 
a direct conversion receiver which is high sensitive and Less sigoal) ^ m exacted from the output signal of the first 
affected by adjacent channel interference. In the above, with siglia i mixer 7 in the I-high-pass filter 50, eliminates fre- 
respect to the cut-off frequency, only the case where high- quCDCy components mat are other than the desired modu- 
frequency components ofthe input signal are cut off ^ uted components and higher in frequency than the desired 
(blocked) has been described. The case where low- modulated components, and outputs the I-baseband signal 
frequency components are cut off will be described in the n. The cutoff frequency ofthe second Mow-pass filter is 
foUowmgdesmpuonofasecondem fUed. The reference numeral 33 designates the second 
tlon " Q-low-pass filter which receives the high-frequency corn- 
Next, the configuration of the direct conversion receiver 45 ponents containing the desired modulated components 
of the second embodiment of the invention will be described (baseband signal) which are extracted from the output signal 
with reference to FIG. 2A. In FIG. 2A. 1 designates a of the second signal mixer 8 in the Q-high-pass filter 31, 
receiving antenna which receives a radio signal, 2 designates eliminates components that are other than the desired modu - 
a received signal amplifier which amplifies the received lated components and higher in frequency than the modu- 
signal from the receiving antenna land outputs a modulated 50 lated components, and outputs the Q-baseband signal 18 
signal 3, 4 designates a first local oscillator which generates which is perpendicular to the I-baseband signal 17. The 
a first local signal 5 of a frequency that is approximately cut-off frequency of the second Q-low-pass filter is fixed, 
equal to the carrier frequency of the received transmission Next, the operation of the direct conversion receiver of the 
signal, 6 designates a 90-degree phase shifter which shifts second embodiment will be described with reference to the 
the phase of the first local signal 5 by 90 degrees, 7 55 same figure or FIG. 2A. A radio signal which is received by 
designates a first signal mixer which mixes the modulated the receiving antenna I is amplified by the received signal 
signal 3 with the first local signal 5. and 8 designates a amplifier 2. and then output as the modulated signal 3 to the 
second signal mixer which mixes the modulated signal 3 first and second signal mixers 7 and 8. On the other hand, the 
with the signal that is obtained by phase-shifting the first first local signal 5 generated by the first local oscillator 4 is 
local signal 5 by 90 degrees. w mixed in the first signal mixer 7 with the modulated signal 
Furthermore. 11 designates detecting means for adding 3, and then output to the I-high-pass filter 30. At the same 
the I-baseband signal 17 supplied from a second I-low-pass time, the first local signal is shifted in phase by 90 degrees 
filter 32 with the Q-baseband signal 18 supplied from a by the 90-degree phase shifter 6. then mixed in the second 
second Q-low-pass filter 33, conducting detection, and out- signal mixer 8 with the modulated signal 3. and then output 
putting a demodulated signal 19; 12 designates transmission 65 to the Q-high-pass filter 31. 

data detecting means forjudging the demodulated signal 19. The I-high-pass filter 30 switches over and changes the 

and outputting transmission data; 13 designates transmission cut-off frequency under control of the I-control signal output 
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from the I-high-pass filter cut-off frequency controlling 
means 28. and eliminates low-frequency components from 
the output signal of the first signal mixer 7 so as to extract 
only desired modulated components which are optimum for 
the transmission rate of reception, i.e.. high-frequency com- 
ponents containing the baseband signal, thereby outputting 
a signal of a frequency band which is higher than the cut-off 
frequency. The Q-high-pass filter 31 switches over and 
changes the cut-off frequency under control of the Q-control 
signal output from the Q-high-pass filter cut-off frequency 
controlling means 29. and eliminates low-frequency com- 
ponents from the output signal of the second signal mixer 8 
(shifted in phase from the received signal by 90 degrees) so 
as to extract only desired modulated components which are 
optimum for the transmission rate of reception, i.e., high- 
frequency components containing the baseband signal, 
thereby outputting a signal of a frequency band which is 
higher than the cut-off frequency. 

The second I-low-pass filter 32 eliminates high-frequency 
components from the signal supplied from the I-high-pass 
filter 30. extracts only desired modulated components which 
are optimum for the transmission rate of reception, Le.. the 
baseband signal, and outputs the baseband signal as the 
I-baseband signal 17. The second Q-low-pass filter 33 
eliminates high-frequency components from the signal sup- 
plied from the Q-high-pass filter 31, extracts only desired 
modulated components which are optimum for the trans- 
mission rate of reception, i.e., the baseband signal, and 
outputs the baseband signal as the Q-baseband signal 18 
which is perpendicular to the I-baseband signal 17. 

The I- and Q-baseband signals 17 and 18 which arc 
respectively extracted as a result of passing through the 
I-high-pass filter 3© and the second Mow-pass filter 32. and 
the Q-high-pass filter 31 and the second Q-low-pass filter 33 
are subjected to the mixing process in the detecting means 
11 in the following manner. The I-baseband signal 17 is 
mixed with a second local signal 21 (described later) which 
is shifted in phase by 90 degrees. The Q-baseband signal 18 
is mixed with the second local signal 21. The two mixed 
signals are added with each other, detected, and then output 
as the demodulated signal 19 to the transmission data 
detecting means 12. The detecting means U has been 
described in detail in conjunction with FIG. 3. and hence its 
detailed description is omitted. 

The transmission data detecting means 12 reproduces the 
transmission clock signal, samples and waveform-shapes the 
demodulated signal 19 on the basis of the reproduced 
transmission clock signal, and judges the signal as data sent 
from a transmission station (not shown). The data are output 
as transmission data to other processing means such as a 
CPU. and also to the transmission rate detecting means 13. 
The transmission rate detecting means 13 knows the trans- 
mission rate of the transmission data which are succeedingly 
received, from transmission rate information (described 
later) included in the transmission data received from the 
transmission data detecting means 12, and outputs the trans- 
mission rate signal 14 indicative of the transmission rate. 

The I-high-pass filter cut-off frequency controlling means 
28 receives the transmission rate signal 14. outputs the 
1- control signal to the I-high-pass filter 30 under control of 
the signal, and switches over and changes the cut-off fre- 
quency of the I-high-pass filter 30 to the frequency which is 
optimum for the transmission rate of the received transmis- 
sion signal (eliminates low-frequency components and 
extracts only high-frequency components containing desired 
modulated components). Similarly, the Q-high-pass filter 
cut-off frequency controlling means 29 receives the trans- 
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mission rate signal 14. outputs the Q-control signal to the 
Q-high-pass filter 31 under control of the signal, and 
switches over and changes the cut-off frequency of the 
Q-high-pass filter 31 to the frequency which is optimum for 
5 the transmission rate of the received transmission signal 
(eliminates low-frequency components and extracts only 
high-frequency components containing desired modulated 
components). 

Next, an example of a high-pass filter comprising cut-off 
10 frequency switching means (or a cut-off frequency control 
input) which can change the cut-off frequency, such as the I- 
and Q-high-pass filters 30 and 31 in the second embodiment 
shown in FIG. 2A will be described with reference to FIGS. 
2. 7. and 8. FIG. 7 shows a first example of a high-pass filter 
1 5 in which the cut-off frequency is switched over by changing 
the resistance of a resistive element constituting the I- or 
Q-high-pass filter 30 or 31. and FIG. 8 shows a second 
example of a high-pass filter in which the cut-off frequency 
is switched over by changing the capacitance of a capacitive 
20 element constituting the filter 30 or 31. The structures of the 
high-pass filters shown in FIGS. 7 and 8 are known as 
structures of a passive high-pass filter. Hereinafter. I- and 
Q-high-pass filters are generally called also passive high- 
pass filters. 

25 In FIG. 7, 60 designates a capacitive element which is 
connected in series to the high-pass filter circuit, 61 desig- 
nates a resistive element which is connected in parallel to the 
high-pass filter circuit with respect to the ground and which 
constitutes a bypass of the high-pass filter. 64 designates a 

30 resistive clement which is connected in series to a switch 65 
and connected together with the switch 65 in parallel to the 
resistive element 61. and 65 designates the switch which is 
connected in series to the resistive element 64 and turned 
ON/OFF under control of. for example, the I- or Q-control 

35 signal supplied from the I- or Q-high-pass filter cut-off 
frequency controlling means 28 or 29. The resistive element 
64 and the switch 65 constitute the cut-off frequency switch- 
ing means. 

Specifically, one terminal of the capacitive element 60 
serves as an input terminal 62 of the passive high-pass filter, 
and the other terminal Is connected to the one terminal of the 
resistive element 61 and that of the switch 65 and serves also 
as an output terminal 63 of the passive high-pass filter. The 
other terminal of the resistive element 61 is grounded, and 
that of the switch 65 is connected to one terminal of the 
resistive element 64. The other terminal of the resistive 
element 64 is grounded. 

Referring again to FIG. 7. the operation of the thus 

50 configured passive high-pass filter will be described. First 
the high-region (high-frequency) components of the FSK 
signal supplied to the input terminal 62 of the passive 
high-pass filter passes through the capacitive element 60. 
and the low-region (low-frequency) components are led to 

55 the ground through the resistive element 61. As a result, only 
the high-region (high-frequency) components containing the 
desired frequency band of the FSK signal are output from 
the output terminal 63 of the passive high-pass filter. 
In the example of the embodiment, the switch 65 receives 

60 the I- or Q-control signal supplied from the I- or Q-high-pass 
filter cut-off frequency controlling means 28 or 29 (see FIG. 
2A). and is turned ON or OFF in accordance with the I- or 
Q-control signal. When the switch 65 is turned ON. for 
example, the resistive element 64 is connected in parallel 

65 with the resistive element 61 and between the output termi- 
nal 63 of the passive high-pass filter and the ground, so that 
the synthesized resistance of the bypass of the high-pass 
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filter is reduced, thereby lowering the cut-off frequency of 
the high-pass filter. By contrast, when the switch 65 is turned 
OFF. the resistive element 64 is disconnected, and the 
synthesized resistance of the bypass of the high-pass filter is 
increased, thereby raising the cut-off frequency of the high- 5 
pass filter. In this way. the cut-off frequency of the passive 
high-pass filter is switched over by changing the synthesized 
resistance of the bypass of the high-pass filter. 

When the resistance of the resistive element 64 is arbi- 
trarily determined, therefore, the cut-off frequency which is 10 
to be switched over can be set to a desired value. Any kind 
of switch such as a transistor or a diode can be used as the 
switch 65 in the embodiment, as far as it can be used in an 
IC circuit. 

Next, the second example of the high-pass filter in which 15 
the cut-off frequency is switched over by changing the 
capacitance of a capacitive element constituting the I- or 
Q-high-pass filter 30 or 31 will be described with reference 
to FIG. 8. In the same manner as described above, I- and 
Q-high-pass filters are generally called also passive high- 20 
pass filters. 

In FIG. 8, reference numeral 66 designates a capacitive 
element which is connected in series to the high-pass filter 
circuit, 67 designates a resistive element which is connected ^ 
in parallel to the high-pass filter circuit with respect to the 
ground and which constitutes a bypass of the high-pass filter, 

70 designates a capacitive element which is connected in 
series to a switch 71 and connected together with the switch 

71 in parallel to the capacitive element 66. and 71 designates ^ 
the switch which is connected in series to the capacitive 
element 70 and turned ON/OFF under control of, for 
example, the I- or Q-control signal supplied from the I- or 
Q-high-pass filter cut-off frequency controlling means 28 or 
29. The capacitive element 70 and the switch 71 constitute 35 
the cut-off frequency switching means. 

Specifically, one terminal of the capacitive element 66 
serves as an input terminal 68 of the passive high-pass filter, 
and connected to one terminal of the capacitive element 7t. 
Hie other terminal is connected to the one terminal of the ^ 
resistive element 67 and that of the switch 71 and serves also 
as an output terminal 69 of the passive high-pass filter. The 
other terminal of the resistive element 67 is grounded, and 
that of the switch 71 is connected to the other terminal of the 
capacitive element 70. The switch 71 and the capacitive 45 
dement 70 which are connected in series with each other are 
connected in parallel with the capacitive element 66. 

Referring again to FIG. 8. the operation of the thus 
configured passive high-pass filter will be described. First, 
the high-region (high-frequency) components of the FSK 50 
signal supplied to the input terminal 68 of the passive 
high-pass filter passes through the capacitive dement 66. 
and the low-region (low-frequency) components are led to 
the ground through the resistive dement 67. As a result only 
the high-region (high-frequency) components containing the 55 
desired frequency band of the FSK signal are output from 
the output terminal 67 of the passive high-pass filter. 

In the example of the embodiment, the switch 71 receives 
the I- or Q-control signal supplied from the I- or Q-high-pass 
filter cut-off frequency controlling means 28 or 29 (see FIG. 60 
2A), and is turned ON or OFF in accordance with the I- or 
Q-control signal. When the switch 71 is turned ON. for 
example, the capadtive element 70 is connected in paralld 
with the capadtive dement 66 and between the input and 
output terminals 68 and 69 of the passive high-pass filter, so 65 
that the synthesized capacitance of the high-pass filter is 
increased, thereby lowering the cut-off frequency of the 
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high-pass filter. By contrast when the switch 71 is turned 
OFF. the capadtive dement 70 is disconnected, and the 
synthesized capadtance of the high-pass filter is reduced, 
thereby raising the cut-off frequency of the high-pass filter. 
In this way, the cut-off frequency of the passive high-pass 
filter is switched over by changing the synthesized capaci- 
tance of the high-pass filter. 

When the capadtance of the capadtive element 70 is 
arbitrarily determined, therefore, the cut-off frequency 
which is to be switched over can be set to a desired value. 
Any kind of switch such as a transistor or a diode can be 
used as the switch 71 in the embodiment as far as it can be 
used in an IC circuit 

Next, referring to FIGS. 9 and 11, the manner of 
waveform-shaping the FSK signal supplied to the I- or 
Q-high-pass filter by switching over the cut-off frequency of 
the I- or Q-high-pass filter in the above-described embodi- 
ment will be described taking the case of the advanced radio 
paging system standard (RCR STD-43) as an example. 

FIG. 11 shows a frequency spectrum of the signal sup- 
plied to the first I- and Q-high-pass filters 30 and 31 in the 
case where the transmission data sent from the transmission 
station in accordance with the advanced radio paging system 
standard (RCR STD-43) are converted from a binary code 
into a quaternary code on the basis of a pseudo signal of 15 
steps and the transmission rate at a frequency shift of 1.6 
kHz and 4.8 kHz is quaternary FSK 6.400 bps. As described 
above, FIG. 9 shows a frequency spectrum in the case where 
the transmission rate is binary FSK 1,600 bps. 

As seen from the comparison between FIGS. 9 and 11, in 
the case of the same frequency shift, the signal frequency 
band of the main lobe (a signal of a frequency band which 
is demodulated and extracted as transmission data) of the 
input signal containing the baseband signal for the I- and 
Q-high-pass filters 30 and 31 is usually wider as the trans- 
mission rate is higher. For example, the signal frequency 
band of the main lobe of the baseband signal in the case of 
FIG. 11 where the transmission rate is quaternary FSK 6.400 
bps elongates to a frequency band which is lower than that 
of the main lobe of the baseband signal in the case of FIG. 
9 where the transmission rate is binary FSK 1.600 bps, or to 
about 0 Hz. 

If, even when the transmission rate is changed, a high- 
pass filter Is not used and the low-frequency band is not cut 
off as in the case of the prior art technique, signals of 
adjacent frequencies are mixed in addition to the main lobe 
signal of the input signal, thereby impairing the reception 
sensitivity. Furthermore, an influence of adjacent channel 
interference becomes larger, with the result that it is impos- 
sible to perform the optimum reception. By contrast, in the 
case where the low-frequency band of the input signal is 
always cut off. the low-region components of the main lobe 
signal of the input signal are cut away when the transmission 
rate of the transmission signal becomes higher, with the 
result that it is impossible to optimally perform the demodu- 
lation. 

In the embodiment when the transmission rate is 
changed, therefore, the cut-off frequencies of the I- and 
Q-high-pass filters 30 and 31 are switched over and changed 
in accordance with the transmission rate as shown in FIGS. 
9 and 11, so that, at any transmission rate, only the main lobe 
signal of the input signal is allowed to pass through the filter 
so as to be extracted. Consequently, it is possible to obtain 
a direct conversion receiver which is high sensitive and less 
affected by adjacent channel interference. In the above, with 
respect to the cut-off frequency, only the case where low- 
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frequency components of the input signal are cut off has 
been described. In the case where high-frequency compo- 
nents are cut off. the receiver is configured as described in 
the first embodiment 

In the above description of FIGS. 5 to 8, the case where 
a single switch which connects or disconnects a capacitive 
or resistive element is used has been described. 
Alternatively, the receiver may be provided with plural 
switches and capacitive ox resistive elements which are 
switched over by the switches, and the switches may be 
turned ON/OFF by the I- or Q-control signal output from the 
high- or low-pass filter cut-off frequency controlling means 
in accordance with the plural transmission rates, thereby 
setting plural cut-off frequencies. In the alternative, the 
passive low-pass filters shown in FIGS. 5 and 6 may be 
combinedly used, or the passive high-pass filters shown in 
FIGS. 7 and 8 may be combinedly used. 

In the above described embodiments, the low-pass filter 
and the high-pass filter arc constituted by capacitor and 
resister elements. In stead of the resister elements, a re sister 
element formed by a current control circuit may be used to 
constitute a filter circuit 

Further, in the above described embodiments, the cut-off 
frequency switching means provided in the filter is consti- 
tuted by the switching means and is on-off controlled in 
response to the controlling signal. Alternatively, it can be 
used a variable resister which is continuously controlled in 
response to the control signal so that the filtering character- 
istic can be continuously controlled. 

In the first embodiment shown in FIG. 1A. the first I- and 
Q-low-pass filters 9 and It in which the cut-off frequency 
can be switched over and changed have been described. 
Alternatively. I- and Q-high-pass filters in which the cut-off 
frequency is fixed may be respectively connected in series to 
the first I- and Q-low-pass filters 9 and 10. and a frequency 
which is lower than that of the desired main lobe signal may 
be blocked. 

In the embodiments, the cut-off frequencies of I- and 
Q-low-pass filters, or those of the I- and Q-high-pass filters 
are switched over. Alternatively, all the cut-off frequencies 
of I- and Q-low-pass filters and the I- and Q-high-pass filters 
may be switched over. 

In the first embodiment shown in FIG. 1A, the I low-pass 
filter cut-off frequency controlling means 15 and Q low-pass 
filter cut-off frequency controlling means 16 are respectively 
provided to control the I low-pass filter 9 and Q low-pass 
filter 10. Alternatively, as shown in FIG. IB. an I-Q low-pass 
filter cut-off frequency common controlling means ISA may 
be provided. The I low-pass filter 9 and Q low-pass filter 10 
can be controlled by a single low-pass filter controlling 
signal output from the I-Q low-pass filter cut-off frequency 
common controlling means 15 A. 

In the second embodiment shown in FIG. 2A, the I 
high-pass filter cut-off frequency controlling means 28 and 
Q-high-pass filter cut-off frequency controlling means 29 are 
respectively provided to control the 1 high-pass filter 30 and 
Q high-pass filter 31. Alternatively, as shown in FIG. 2B. an 
I-Q high-pass filter cut-off frequency common controlling 
means 28A can be provided. The I high-pass filter 30 and Q 60 
high-pass filter 10 may be controlled by a single high-pass 
filter controlling signal output from the I-Q common high- 
pass filter cut-off frequency controlling means 28 A. 

The direct conversion receiver having a filter character- 
istic switching circuit according to the invention is config- 
ured as described above and particularly comprises: means 
for reading transmission rate information of a transmission 
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signal sent from a transmission station, from received trans- 
mission data, and generating I- and Q-control signals cor- 
responding to the transmission rate information; and base- 
band filters in which the cut-off frequency is switched over 
by the I- and Q-control signals. The cut-off frequencies of 
the baseband filters are automatically switched over in 
accordance with the transmission rate of the transmission 
signal. At any transmission rate, therefore, the reception 
sensitivity is improved or maintained at an optimum level 
and a demodulated signal wherein adjacent channel inter- 
ference is eliminated or at the lowest level can be obtained 
What is claimed is: 

1. A direct conversion receiver comprising: 

a demodulating circuit for demodulating a received FSK 
modulated signal, said demodulating circuit including a 
local oscillator, a phase shifter, first and second mixers, 
first and second filter means, and a detecting circuit; 

data detecting means for reproducing a received data from 
a signal demodulated by said demodulating circuit; 

transmission rate detecting means for detecting transmis- 
sion rate information from the received data, and out- 
putting a transmission rate signal; and 

cut-off frequency controlling means for outputting a con- 
trol signal to control a cut-off frequency of said first and 
second filters in response to the transmission rate 
signal. 

2. A direct conversion receiver as claimed in claim 1. 
wherein: said local oscillator generates a local signal of a 
frequency which is approximately equal to a carrier fre- 
quency of the modulated signal; 

said phase shifter shifts a phase of the local signal by 90 
degrees; 

said first mixer mixes the modulated signal with the local 
signal; 

said second mixer mixes the modulated signal with the 
90-degree phase-shifted signal; 

said first filter means includes an Mow-pass filter which 
comprises cut-off frequency switching means for 
switching over and setting a cut-off frequency under 
control of an I-control signal in accordance with a 
transmission rate of the received signal, and which 
eliminates high-frequency components from an output 
signal of said first signal mixer in accordance with the 
cut-off frequency which is switched over and set. and 
extracts an I-baseband signal; 

said second filter means includes a first Q-low-pass filter 
which comprises cut-off frequency switching means for 
switching over and setting a cut-off frequency under 
control of a Q-control signal in accordance with the 
transmission rate of the received signal, and which 
eliminates high-frequency components from an output 
signal of said second signal mixer in accordance with 
the cut-off frequency which is switched over and set 
and extracts a Q-baseband signal; 

said detecting circuit processes the I-baseband signal and 
the Q-baseband signal, and outputting a demodulated 
signal; and 

cut-off frequency controlling means comprises How-pass 
filter cut-off frequency controlling means for outputting 
the I-control signal to said first Mow-pass filter under 
control of the transmission rate signal, the I-control 
signal controlling the cut-off frequency of said first 
How -pass filter, and Q-low-pass filter cut-off fre- 
quency controlling means for outputting the Q-control 
signal to said first Q-low-pass filter under control of the 
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transmission rate signal, the Q-control signal control- 
ling the cut-off frequency of said first Q-low-pass filter, 
thereby the cut-off frequencies of said first I- and 
Q-low-pass filters being switched over and set in accor- 
dance with the transmission rate of the received signal 

3. A direct conversion receiver according to claim 2, said 
demodulating circuit further comprises: 

an I-high-pass filter which eliminates low-frequency com- 
ponents from the output signal of said first mixer in 
accordance with the cut-off frequency, and which out- 
puts high-frequency components containing desired 
modulating components to said first I-low-pass filter, 
and, 

a Q-high-pass filter which eliminates low-frequency com- 
ponents from the output signal of said second mixer in 
accordance with the cut-off frequency, and which out- 
puts high-frequency components containing desired 
modulating components to said first Q-low-pass filter. 

4. A direct conversion receiver as claimed in claim 1, 
wherein: 

said local oscillator generates a local signal of a frequency 
which is approximately equal to a carrier frequency of 
said modulated signal; 

said phase shifter shifts a phase of the local signal by 90 
degrees; 

said first mixer mixes the modulated signal with the local 
signal; 

said second mixer mixes the modulated signal with the 
90-degrec phase-shifter signal; 

said first filter means includes: an I-high-pass filter which 
comprises cut-off frequency switching means for 
switching over and setting a cut-off frequency under 
control of an I-cootrol signal in accordance with a 
transmission rate of the received signal, and which 
eliminates low-frequency components from an output 
signal of said first signal mixer in accordance with the 
cut-off frequency which is switched and set* and out- 
puts high-frequency components containing desired 
modulating components; and an I-low-pass filter which 40 
eliminates high-frequency components from the high- 
frequency components containing desired modulating 
components and output from said I-high-pass filter, in 
accordance with the cut-off frequency which is set and 
extracts an I-baseband signal; 

said second filter means includes: a Q-high-pass filter 
which comprises cut-off frequency switching means for 
switching over and setting a cut-off frequency under 
control of a Q-control signal in accordance with the 
transmission rate of the received signal, and which 
eliminates low-frequency components from an output 
signal of said second signal mixer in accordance with 
the cut-off frequency which is switched and set. and 
outputs high-frequency components containing desired 
modulating components; and a Q-low-pass filter which 
eliminates high-frequency components from the high- 
frequency components containing desired modulating 
components and output from said Q-high-pass filter, in 
accordance with the cut-off frequency which is set, and 
extracts a Q-baseband signal; 

detecting means for processing the I-baseband signal and 
the Q-baseband signal, and outputting a demodulated 
signal; 

said cut-off frequency controlling means comprises: 
I-high-pass filter cut-off frequency controlling means 
for outputting the I-control signal to said I-high-pass 
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filter under control of the transmission rate signal, the 
I-control signal controlling the cut-off frequency of said 
I-high-pass filter, and Q-high-pass filter cut-off fre- 
quency controlling means for outputting the Q-control 
signal to said Q-high-pass filter under control of the 
transmission rate signal, the Q-control signal control- 
ling the cut-off frequency of said Q-high-pass filter, 
whereby the cut-off frequencies of said I- and Q-high- 
pass filters being switched over and set in accordance 
with the transmission rate of the received signal 
5. A direct conversion receiver according to claim 4. 
wherein said second I-low-pass filter comprises cut-off 
frequency switching means for switching over and setting 
the cut-off frequency under control of said I-control signal in 
accordance with the transmission rate of the received signal 
eliminates high-frequency components from the high- 
frequency components containing the desired modulating 
components and output from said I-high-pass filter in accor- 
dance with the cut-off frequency which is switched over and 
set, and extracts the I-baseband signal, and 

said second Q-low-pass filter comprises cut-off frequency 
switching means for switching over and setting the 
cut-off frequency under control of said Q-controi signal 
in accordance with the transmission rate of the received 
signal, eliminates high-frequency components from the 
high-frequency components containing the desired 
modulating components and output from said Q-high- 
pass filter in accordance with the cut-off frequency 
which is switched over and set, and extracts the 
Q-baseband signal. 
€. A direct conversion receiver according to claim 1. 2, 3, 
4. or 5 wherein said detecting means comprises: 

a second local oscillator which generates a second local 
signal which is lower in frequency than said first local 
signal; 

a second 90-degree phase shifter which phase-shifts the 

second local signal by 90 degrees; 
a third signal mixer which mixes the I-baseband signal 

with the signal which Is obtained by phase-shifting the 

second local signal by 90 degrees; 
a fourth signal mixer which mixes the Q-baseband signal 

with the second local signal; 
a signal adder which adds output signals of said third and 

fourth signal mixers with each other; 
a waveform shaping filter which comprises a high-pass 

filter and a low-pass filter, and which limits a passbancU 

and extracts only the desired modulating components 

from an output signal of said signal adder; and 
a frequency detector which detects a frequency of an 

output signal of said waveform shaping filter, converts 

the frequency into a voltage value, and outputs the 

demodulated signal 

7. A direct conversion receiver according to claim 6 
wherein each of said cut-off frequency switching means 
comprises at least one capacitive element, at least one 
resistive element, and at least one switch, and said switch is 
controlled by the I- or Q-control signal to switch over and 
change a capacitance of said capacitive element or a resis- 
tance of said resistive element, thereby switching over the 
cut-off frequency of said low- or high -pass filter. 

8. A direct conversion receiver according to claim 6 
wherein each of said cut-off frequency switching means 
comprises at least one capacitive element, at least one 
resistive element and at least one switch, and said switch is 
controlled by the I- or Q-control signal to switch over and 
change a capacitance of said capacitive element and a 
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resistance of said resistive element, thereby switching over 
the cut-off frequency of said low- or high-pass filter. 

9. A direct conversion receiver according to claim 1. 2, 3, 
4. or 5 wherein each of said cut-off frequency switching 
means comprises at least one capacitive element, at least one 5 
resistive element, and at least one switch, and said switch is 
controlled by the I- or Q-control signal to switch over and 
change a capacitance of said capacitive element or a resis- 
tance of said resistive element, thereby switching over the 
cut-off frequency of said low- or high-pass filter. 
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10. A direct conversion receiver according to claim 1. 2. 
3, 4. or 5 wherein each of said cut-off frequency switching 
means comprises at least one capacitive dement, at least one 
resistive element, and at least one switch, and said switch is 
controlled by the I- or Q-control signal to switch over and 
change a capacitance of said capacitive element and a 
resistance of said resistive element, thereby switching over 
the cut-off frequency of said low- or high-pass filter. 
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